eSS SLSLS.S..——.—— - \\\A - )
N S - : : ‘ ‘ - : _ . t
e DOCUMENT RESUME . \\\
ED 124 136 . - , . " IR 003 524 -
AUTHOR ' , Bltzer, Donald L.; And Others -
TITLE , . A Digitally Addressable Random Access Image Selector
.  and Random-AcCess Audio. System.
INSTITUTION Illinois Univ., Urbana. Computer-Based Education
Lab. . ‘
: SPONS AGENCY .National Science Foundatlon, Washlngton, D.Ca ’
REPORT NO " CERL-X-13 )
PUB DATE Aug 70 _ . : :
CONTRACT . NSF-GI-81 . _ o S
NOTE ’ 37p.
\AVAILABLE FROM PLATO Publlcatlons, Computer—based Educatlon Research
~ Laba 252 Engineering Research Laboratory, University
E ' of Illinois, Urbana, 1111n015 61801 ($ 50, prepayment
required) o N - -
EDRS PRICE .. MF-3%$0.83 HC—$2.06 Plus Postage. ’
DESCRIPTORS - . *Computer Assisted Instruction; Digital Computers;
: “*¥Electromechanical Technology, ngher Education; N
*Tnput Output Devices .
IDENTIFIERS Image Selectors; *PLATO IV: Programmed Loglc for :
: utomated Teaching Operatlons, ‘Random Access '
Devices | , . - :
‘~. . ABSTRACT

The requlrements of PLATO IV, a computerdhased
education system at the University of Illinois, have led to the
development of an improved, digitally, addressable,. random access
image selector and a digitally addressable, random access audio

- device. Both devices utilize pneumatically controlled mechanical

' binary adders to p051ilon the mecahnical loads. A recently invented,
¢ompact, electrlcally activated prneumatic control valve facilitates
the conversion of digital signals to pneumatic signals which in turn
control the mecahrical positioning devices. The prototype versions of
these devices exhibit mechanical characteristics that should lead to
compact, low-cost, commercially-producible dev1ces whlch w1ll neet
the needs of the PLAWO IV system. (EMH) : O

L

<

s sk ok ok ok ok ok ks sk e e ook ok sk ok ek ek ok sk skl ok sk sk ok ok ok ok e sk sk s ok ok ok sk skl sl sk ok ket sk ok ok Sk okskok ok
* Documents acquired by ERIC include many informal unpublished *
* materials not available from other sources. ERIC makes every effort *
* to obtain the best ¢opy available. Nevertheless, items of marginal *
* reproduc1b111 y are often encountered and this affects the quality’' *
* of the microfiche and hardcopy reproductlons ERIC makes available *
* vyia the ERIC Dacument Reproduction Service (EDRS). EDRS is not *
* regponsible for the quality of the original document. Reproductions *
% *
* *

supplied by EDRS are the best that can be made from the original:
**********************x**********************************************'




] /- ' CERLREPORT X-13 ~  AUGUST,1970

s

“A DIGITALLY ADDRESSABLE
1 "RANDOM- ACCESS |MAGE {. |
| SELECTQR AND SRR

RA‘NDOM ACCESS |
N B AUDlO SYSTEM

DoNA\Lm'_ TzZER A

ROGER L.JOH
DOMINIC SKAPERDA

EDI24136 -

PEHAMIG i1 1A, 3
HGHTED A.'A EHIAL HA

al THIS TPy -— i
OGRANTED BY - US DEPARTMENT OF HEALTH,
. . EDUCATION & WELFARE

NATIONAL INSTITUTE OF

. o -‘; ' c f" E L » EDUCATION

10 E NG CiuAn T R aT, gzlcssoooscxunhgw AHsA;EiEmE\ysonizgz

: : THE 1 .

7 STITUTE OF EDUUATION  FURTHER HEPRO ATFNZEﬁSgg&??8?@7533535@lcélr?s

. DUCTION DUTSIDE THE £ SYSTEM RE STATED DO NOT NECESSARILY REPRE-

' QUIRES - PERMISTION. OF  THE  COPYRIGHT SENTOFFICIAL NATIONAL INSTITUTE OF
: OWNER : “# EDUCATION POSITION OR POLICY

UNGER AGREEMENTG &1 7wy Y*( HATIGNAL IN

~ Computer-based ‘Education _R.esearch‘ Laboratory .

University of lllinois Urbana  IHllinois
. _ . e . )
A

€




Dw

Thls ~work was supported by the Natlonal Bcience Foundaﬁlon under-

Contract NSF GJ 8l. . ‘
b »
ll L. ‘ . /o
Reproductlon in whole or in part is permltted for any purpose of the
e Umited States Government.
I/" .
\v B -
s : T T
™
’ .”
i3
Distribution of this report is unlimited.
-\}q
D -
- —
¢ - s e .

Aruitoxt provided by Eic:

. ‘ ) . : j
[ . , . |
L ’ - i ro ) < . bl




A Dlgltally Addressable Random Access Image Selector

and Random Access Audio System : - = 'u:,

by

ey

Donald L. Bitzer; Rdger L. Johnson, and Dominic Skaperdas’

Abstract

B - The requirements of'PtATO IV,»a Computer-Based Education System being de-

veloped at the University ef I1linois, haVe led fo the development of an im-
proved, digitally éddressabie;vrandom access imdge selector and a_digitallf
addresseble, random eccess audio device. Both devices utilize pnedmatically—
controlled, mechanical binary adders’to.position the mechanical loads. A re-
cenflyiinvented‘compect, electrically activeted pﬁeumatic control velve facil-

- ‘ .itdtes the conver51on of dlgltal 51gnals into pneumatlc 51gnals whi ch 1n turn

-

control the mechan1¢a1 p051t10n1ng dev1ces The image selector is capable of

auce551ng any of 256 1mages with a worst-case access time of 0.2 seconds. _Jhe___,__~——~44
‘_————‘—_4-_—__—" .‘

.

SRS
e

_____jﬂED&Ldﬁx1L£;4s—eapabie“ﬁf‘?@f?TEVIﬁéz from a magnetic disc récord any of 4096 .

message units which comprlse a total of 17 minutes of. recorded message time,
with a worst-case access time of 0.4 seconds.‘ The”prdtotype versions of these
devices exhibit mechanical characteristics that should lead to compact, low-cost, BRI

commercially produceable devices which will meet the needs of the PLATO IV system.
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I. Introduction
The.UniVPrsity of Illinois design of bLATO 1V, a compnter—based education
system, envisions a system which;could reduce the'total costlper stydent-contact -
hour by a largeifactor belon any currently available system“while maintaining
the unique student terminal and systems software capabilitiesldemonstrated in o \\\\
"PLATO TII (1,2,3). The educational and economic guidelines proposed for PLATO
IV ‘are described in a paper by Alpert and Bitzer (3) and the principal design
features of the system are described in a paper by Bitzer and Skaperdas (4).
’ Initial steps toward implementing the development of a PLATO IV system at
the Univers1ty of IllinOis have included the demonstration of the technical
feasibility.of certain key components of the system. of particular importanoe

is the demonstration of a prototype PLATO IV student terminal. Figure 1 pre-

sents an artist's illustration of a PLATO IV student console with keyset, plasma

display panel, random access image projector, and auxiliary outputs for special

equipment such as a random-access audio system. A detailed. description of the

Lt

operating format of this prototype terminal is‘given in a report by. Stifle (5).

The alpha -numeric and graphical display capability of the ‘terminal will be pro-
v1ded by a 512 x 512 line plasma display panel similar to the type described in '
rcferences(6,7). The image selector and associated progection system will allow

prestored information to be projected onto the rear of the glass display panel.

"
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This permits photographically stored ihformatioh to be superimposed on the same |
: ) - 5 * ’ . "'f
image plane which contains the computer-generated information. The image selec- !

@

tor is.a digitally ad&ressable, pneumatically driven device which moves a matrix K\
or fiche of 256 - 1/4'" images simultaneously along either of two Cartesian

-

coordinate axes in order to position a desired image over .a projection lens. The o

selector is required to exhibit a worst-case access time of 0.2 seconds, and it
must position and‘repeatiwith an accuracy of '+.0.001 inches. A random-access . . 1

audio device will also be available which retrieves and records messages by utili-

-

"~ zing a.pblar coordinate positioning system that .is also digitally addressed and

pneumatically actuated. This system is pfesently designed -to pfovide 4096 - 1/if

second, addressable message units for a total of 17 minutes of recorded message

time; in addition,bthe ﬂéviée is required to provide a 0.2 - 0.4 second wofsf—
case access timé to any of the 4096 message‘units. Discuésions concerniﬁg the
edUcafional ratiohéle WHich.has led to the incorporation of these retrieval de-
vices in the PLATO IV terminal caﬁ Belfound in references (2,3).

Although Qariqus types of random—a&cé;s image and audio ret;ieval systems
preséntly exiét,‘most of thé‘currgntly available devices are.extreme1Y'slow,

P

cumbersome, and expensive. The purpose of this paper is to %resent a detailed, .

“technical description of the pneumaticallys controlled random-access image sel-

ector and random-access aﬁdio system that were developed at the Univérsity'of
Illinois for the prototype PLATO IV terminal. As a result of several technical

innovations, these two devices offer both improved performance and smaller -
physical size than currently available retrieval systems of similar function. In

addition, the mechanical ch%racteristics of these devices appear to be compatiblé

- . | . ©

I- .
with medium precision, low icost production techniques.
j

i
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IT. 5igitally.Contr011ed Linear and Angﬁlar Positioning ' : o
The principal mechanical tasks of the two sfstems being described in this
paper is to p051tion mass 1oads accurately with respect to fixed references in
response to commands prov1ded by a digitaL,computer._’The particular methanical
systens being‘considered.are‘requlred to position, mass loads in the range of 1
kilogram along linear path lengths of the order of 12" or less, accoraing to
random digital co ,Aﬁds. 'In'the case of the image Selecter, the computer ter-

minal specifications require - the worst-case random access ‘response time to be

0.2 - 0.4 seconds and the repcatable positioning accuracy to be within 0.001

inch of the desired true position. However, in the case of the audio system, the

po:itioning tolerances are considerably less.
The mechanical load. attached to the machanism in Figure 2 can be 1inear1y

displaced by this binary-input, linear-output device consisting of four pneumatic

]

cyclinders mounted in series such that the lengths are additive. The étroke

i

iength of each piston in the series is weighted 1,2 4 ,2N units; N, in this

~ ‘
case is.equal to four. The pneumatic cylinders which comprise this dev1ce are of

a conventional design, in whicli either side is pressurized while the other side

is vented to the atmosphere. The two cylinder conditions ”fully extended" and-

""fully retracted", are the only’ conditions that are of interest in the present

applicationg. For each cylinder in the series, the cylinder state can be control-

led by means of an associated four-way pneumatic value which is activated by an

3

electrical signal. Figure 3 illustrates the two cylinder statés and the ‘corres-

ponding action of thé four-way control valve.

‘ - e X _

In order to-illustrate an example of digitally controlled, linear position-
N \ - .

ing, consider the series-mounted set of four pistons shown in Figure 4; in the

situation shown, two pistors are fully retracted and two are fully extended. If

‘-%
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the condition '"fully extended" is represente% by a "1'" and the condifion "fully:.
" retracted'" is represented by a '"Q", g@é éombination of cylinder states and there-

fore, the pbsifion of the 1oad!‘is uniquely ide%tified by the binar%tnpmber 1100;
. ' . ' . 4 ’ ..
i.e., the least significant bit (20) specifies the condition of the}piston of unit

length 1, the next bit position_(Zl) specifies the condition of thg piston of unit

length 2, etc. If each of the fespect}ve four-way valves respond o appropriate

eléctrical signals which represent four-bit binary position code, e.g.,filoo,'the

A

-electrical representation’of a desired load position is converted|/into a mechan-
4 : ) . :

[ ical action which places the load at that position. If a differeht code is ap-

o P : : \
. plied to the valves, e.g., 1010, this new position is assumed without tke necessity

of the mechanism returning to a reference point. In a similar nner, the 16

. - unique- combinations of piston states specified by the four-bit binary position
"~ code can be converted from electrical signals into pneumatic signals by electrical-
' S B : o , ‘
ly actuated four-way valves. These valves, in turn, pneumatichly actuate the

e. In the particu—b

pistons and place the load at the position specified by the co
. , ”

lar applications being considered, the piston 1éngths are suc essive, doublings

.

of the smallest possible position change (i.e., the smallest piston length), e.g.,

the mechanism shown in Figure 4 provides fer 16 equally spaé d positions (1 unit

length apart) along a linear path.

‘Figure 5 illustrates a simple extension of the linear positioning technique
in order to provide a mechanism which is capable of moving ja load to selected angu-
lar positions. The conversion from linear motion to angular motion can be obtained

through thé use of various devices, such as a rack and gear, a helical screw gear,

\
\

as well as others. In the case of angular positioning with a rack and gear, the

égzsm%llest required unit of angular change gnd the nature of the conversion device

n .
2" and n is an

determines the series piston lengths, e.g., if a = 360°/N where N

__ ) _ o - e ) _. . SR,

Aruitoxt provided by Eic:
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integér, é linear piston series (ofrunif length S = ra where-r'is'the effective
: v , :
- radius of the gear) can position the load mass at any one of 2n angular positibns
:Which is adintegral multiple of ¢ from a fixed réferenéeT A second particularly.
interégting 1inéaf—to—aﬁgu1ar éonversiqn mechanism will be described in Section IV
as paft of the discussion of the random access audio systems
. o ~ : :
In the past, most pneumatic positioning systems have been large and cumber- .
some, dand there has existed very little motivation>for reducing the gross size
and cost of these mechanisms;'espegially.the electrically activated control valves.
For the-SYStems being Consideredvin,this raper, however, fedqction of size, cost,
and the rate of fluid consumption are pfiméry'design factors. One of the princi-°
pal'innovations which has led to the realization of the potentially Cdmpaét,'low-
cost syéfems described in Secfions.III and IV is the invéntibn at.the Univéréity
of Illinéis;of a,simplé four-way_ﬁ%eumatit valveAthat can be actuated directiy
7 from.digital logic, e.g., a éomputér oufputvregister. Eéch pneumétip cylinder in
a series as that shown inAFigure 4 is controlled by one of these pneumatic switchés.-
Thc’operation of this device is described With the aid of Figure 6(a) and 6(b).
When the'electrical input té the valve cofresponds to a :i”; qfi”fully extended",
'the function of th; pneumatic'valvc is to supplyvpfessufized»fluid to port A_and
‘to vent port B-to the atmosphere. Simiiarly,-thé‘valve is.reduired to supply.pres—
surized fluid'fo;portéB and exhaust pbrt‘A when the electrical input command is
a "0 or "fully retracted". As shown in the cfossfsection view.of the value

i - :
shown5§ﬁ Figure 6(a), a cylindrical chamber formed by clamping two identical sec-

tions together is separated into two charbers (A and B) by a thin rubber diaphragm.




_j6‘ | . .‘ | | | "

;can-be either closed or vénted to.the étmosphére by the double acting éolenoid
plunger, i.e.; if OCA is clésed, the OCB is vented and vice versa. The minature
solenoid>Valve is driven from a éurrent source ﬁhich responds to the position in-
fgrmatioﬁ provided to it by a combufer or similar source of electrical signals.
In 6peration) the diaphragm seals either inlet bort A or inlet.port B in
_reéponse to the position of the solenoid plunger. For the valve position shown
iﬁ Figure 6(a), coﬁtrol port A is closed, thereby enabling airflow ffom thp source
~inlet A through the chamber and intévthe chinder so as to mbve thé piston to- ’
ward the ''fully extended" sta?e.J Note thaf thére is no static air 1osslin;the
control valve;.sihge although chamber B is.ventedkto the atmosbhere, source in-
let port ﬁ is éealed by the diaphragm. = This position of fhe diaphfagm‘is a stable
position be®ause thenarea of the diaphragm isvsuﬁstantially greater than the
opening in the risef labeied inlet port B which in turn provides a differential
force.upon the diaphragm.and;causes it toAseal off-inlet port B. When the sole-
noid plunger is‘feversed, sealing OCB; the small dynamic leak thrbugh.OCA.momen— 
tarily 1owers the pfessure in ChamBer A below that of Chamber B. The flexible
diaphragm responds accordingly and assumes the céﬁblementary stable.positibn seal-
ing off inlet.porgfx as shown in’Figurel6635. In this position, prgssurized.
- fluid is sﬁpplied to port B 6f the chinder‘while port A i; vented and fhe.piston
is forced to assume the ''fully retracted” position, Note that the ex eﬁditure £
pressurizéd fluidvdﬁring a change bf state is, for all practical purposes, the
amount of preséufgied_fluid that was contained in the pre:csurized side of the cyl-
inder, suppfy line, and valve chamber. To repeat, there is negliéiblcrpreéshrizeﬁ

fluid expenditure during periods when the mechanism is not changing state. Prd—‘

totype'models of this electricallygcontrolled pneumatic switching device liave been

operaied successfully under widely varying load conditions, cycling rates, and




source pressures. For exampie, wher uSing _compfessed air as the working fluid,
the valves .hav,e been made-to @perafeev~a{~730ﬁreé~pressmes—'a;’low as 1 1‘)\si; at’
) 10 psi they hla-ve exhibited switching times of the order of 50 milliseconds. The
mechanical tolerances necessary in operational de\;ices‘ of this type are such
\ that the symmetrical chamber structures could be molded out A'o-f plastic, thereby
' providing the basis for a compact iow-cost electrical-to-pneumatic signal c-on—
verter and four-way valve.
.
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III. The De51gn and. Reallzatlon of a D1g1ta1]y Addressed Random Access .
Image Selector } . , - ' S
L ' T, T e,
Figure 7 iI@ustrates a coﬁfiguratioﬁ in which two sefs of series—mountedt

: ., /

pistons, operatlng at rlght angles, are mechaﬁically coupled together to form

’

-

an X-Y (Carte51an) p051tion3ng syqtem A sy&tem of this type can bé used to -

4
position se]ected photographlc 1mages éf an array or fiche over °a ’uxed opt1ca1

’

projectlon'system. Con51der a square array of- NxN 1mages where N == 2" ,and

) -, i
i l' -~

each image is 1/4" x 1/4?. The 1mage array is, mounted in the rlgld rectangular
Y - N
frame which is free to slide-in bqth the X and‘Y direction on_the‘mutually per-

" .0

pendicular rails. One set of 'series-mounted piétons is attached to the X ~rail

while the other set is attached to the Y rail. Both sets of pistons (X and Y)

v - K . . . . Lo

are fastened or referenced to the fixed “table structure gp which the projection
‘ ced t ed “tab: ) projectio

. .
o . . ¥ e "

system is mounted. The unit length of the pi%tons'gi.e.,ﬁthe_length of' the

: C B . L ; . s, '
shortest piston) is‘equal to the .corresponding edge pengthﬂ?f a single image,
i. e,,_1n this case L = 1/4” ‘ Positional céntrdl of the X'and Y 1inkages is ac;

El

comprlshed through electrlcally activated 4 way control valves that*are attached

- e . oLt ‘ » -
< Tto each of the- cylinders. - L N T
. RN S

%; . In operatlon, “the system requires the images which are to be se€lected or.

positioned oVer the reference point to be described‘b} th@fbinary representation

» -~

.

v

L = : " .
- of 1ts X and Y cgordinates with respect to the frame which holds the film. These

position coaes aTe apglied, inbﬁarallel,'to the cdﬁtrol valves in the,ferm-of
oo electrieal signals. from a computer. " The respiting pisteﬁ mqtron'pdsitionS*the
filﬁ“helder such that the desired_image isiplaced overdthe préjectien aperature.
. ‘ . : ,
hSubsequent position commands move that £ilm holder from.position to position

A Len

_Uithout the necessity.of returning to a starting referenceﬁpoint'after each com-

L]

mand. , , -
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The accuracy and repeatability'of this_type of image selector'aredirectly

dependent upon two primary factors: 1) the mechanical precision of each compon-

ent of the X-Y. posdtioning mechanism including the series linkages; and 2) the’

v .

- (3 '

accuracy "of the 1mage ar1ay with respett to an array mas ter which exhibits per—

fect)uniformrty in both allgnment and size. Slnce ‘the SW1tch1ng t1me of the

~" valves is generally much smaller than the excursion time of the minimum move~

ment position change, the access time. of the mechanism is primarily determined

. . , A ¥
. by the mass of the load,, the pressure of the actuating fluid, and the frictional
‘ . Lot w L “&. . X L
Y drag of the bearings and the pneumatic pistons.
W L pad “"-u:a, )
L : Floure 8 shows a prototype image sclector and. pchectlon sysTem that was re-

n A

centlv fabllcatec and tested at the Lmlvers1ty of I111n01s for 1nstaldat10n in-’

,prototype'PLATQ_IV'term;nals. The image array contains 256~ (16 x‘16)~color or
MNQ,_v black anq whi%e images‘ea&h 1/4" x 1/4"¢ " The serieg—mounted~pist0ns in both the
X and Y 11nkages have succe551ve stroke lengths of 174", 1/2'", 1", and 2", The

congrol valves aré connected approprlately to ‘an 8-bit 1nput register wh1ch re-

B © .

’ ceives electrlcal control 51gna1s from the output register of a d1g1ta1 compu*er
.t or'its equivalent. Using compressed air at 10 psi as the actuating fluid, the

- . K EN i N LT
mechanism Wwas exercised for 10 cycles (randomly selected positions) w1thout

~. v

exper1enc1ng any major fallure conditions’or excessive loss of positioning ac— o

5 N .
e -

"fThe worstdcase access time for thlS partlcular mech—f

'~cﬁracy or repeatablblty

v -

- ‘anism was less than O 2 seconds and ‘the’ Jpositioning accuracy and repeatabrilty

“remained within + .OOl'inches.~ PagUre 9 is a block dlagram of a typ1ca1 1mage

d

selector installation. L , .

Q 1

g : A , . , ,
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. The Design and Real}&ation of ‘a Dlglt&ll) Addressable Random Access
Audio System

Two types of computer controlled audio devices have been recently developed
at the University of Illinois Computer-Based Edotation_Research Laboratory. The
first is a centrally located, random access audio bank used for distributing ex-

tremely high quality audio messages to lerge numbers of students each student'

‘having ind1v1dual access to a styxing of Hessages Without interference by any

other user. This system developed by B \Voth {8), appears to be best suited for

applications in which large numbers of users are acceSSing similar material from
terminals located;in near*proXimity,'e.g.,{the same building. The second device
t ! N 0 . N

‘which will be déscribed here in detail is expected to be compact and inéxpensive

-enough to be located at or near, a2 student terminal (e.g., a PLATO-IV terminal) and-

- . 3

will provide high quality randomly-accessed -audio messages %0 eonly that terminal.

-

The device should be especially well suited to the needs of the remote, user ter-

minal.
N L°

Figure 10 illustrates the basic audio components which-will be used in the
. ‘» ) . Sy . A
system being desc¢ribed. Audio messages are recorded on a thin mylar-based magne-

tic recording material cut in the form of a disk (typically 12 inches in diameter).

.

“The disk is mounted on, a high moment of inertia, rim driven turntable which ro-

g/

. tates with an angular velocity of 1 revolution per 8 seconds. The messages are

recorded on successive circular tracks (360°) with each track subdivided into
32" sectors or message units. The location of a message unit with respect to a

.

reference point on the disk is identified by the binary numbers ‘which represent

-

the appropriate track and sector within that track. Access to ahy particular mes-~

sage'unit'(i.e., track and sector® within a worst case retrieval time of 0.4

’
- .

e

2-&..
(W

»
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seconds requires both radial and angular positioning, since using only radial
~positioning would provide a worst case retrieval time of 8 seconds. Digitally

controlled radial p051t10n1ng of a record/playback head can be accompllshed in-

much the same manner as that used in the image selector. The ‘magnetic head is

0

attached to dpe end\of a Sgt of series-mounted pnenmatié pistons; the other

\

end of the piéton 11@kage is fixed with réspect.to the turntable. In the case

of 64 radial tracks,ga set of six series mounted pistons is used; the 1ength of
S \‘ .

the shortest piSton trrow'is equal to the inter-track spacing. The tracks in
this case éfe'identified by a 6-bit binary address.
The rapld angular oSitioniﬁg that is needed in order to-br}ng a desired

sector (message un1p4 in contact w1th _the playback head can be achieved by rapid-

-1y changing the gular positlon of the 1ow;moment of inertia mylar disk with

PC———,

 respect”to the ligh“moment of inertia turntable. This procedure presexves the

. / , . »
highly stable fconstant velocity of the turntable necessary for high qualityhaudio

while at the/same time it provides a means of fapidlyupositigning the seétor with

respéct to the magnetic head.

The angular qisﬁidcement of the mylar disk with respect to the turntable can

s

be accohplished1through'1inear‘translationwof a specially grooved, axial shaft as
o illustrated in Figure 11. Figuriﬂél(a)'shows an axial shaft with a Vertical groove,
fitted into the keyed center hole of the turntable. As- the turntable rotates, the’

shaft is forced to rotate withw-it. However, the shaft is free to move Qp'or’down

(i.e., along the Z coordinate) without disturbing the rotation of the turntable.

El

Figurd 11(b) illustrates a:heliéal groove which is also cut into this shaft. In

Figﬁr 11{c), the mylar disk is showﬁ attééhed to a hub which is keyed oniy into

the helical groove.of the axial shaft. If the axialvshaft'remains stationary with

respect to the Z coordinate and if the hub and attached‘disk;remain in contact with

3

the turntable, the angular position of ﬁhexdisk with respect to the turntable

14‘ i6
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remains«fixed. However, if the axial ‘shaft undergoes a linear translation along

the Z coordinate while the disk and hub remain in ‘contact -1th the turntable, the

v

disk is angularly displaced with respect to its original.position on th% turn-

table. The angular displacement A¢ is related to the linear translation AZ by-

. AL ‘ . . : L ~ ;
the equation A¢f=.—;:“yhere.yuis the pitch of the helical groove. Suitable
bearings and sliding surfaces are introduced in order to allow the mylar disk to
rotate freely with_respect to the turntable while remaining in contact with it.

In summary, the mechanism illustrated in Figure ll(c) enables a low moment of

c

inertia mylar dlSk to be rotated rapldl) (to any angular poSition) with respect
" to a slow mov1ng, high moment of 1nertia turntable without significantly dis-

turbing the constant angular velocity of the turntable As a result any me§-

sage it (or sector) on the recording media can be rapidlv accessed by radial—

ly pOSitioning a magnetic head while Simultaneously pOSlthﬂlng the recording

media in angle in order to bring the desired sector in contact with the magnetic

head.  When the deSired track and sector have been selected the angular veloc1ty <
S ‘

of the recording media is again equal to the constant angular of the turntable

thus allowing a message unit to be played'back'or‘recorded’by the magnetic head.

© .
~

In the case .where there are 32 equal length sectors per track, the axial shaft
\ . . . ' . : . ) :

can be translated appropriately by USipg‘a set of five electrically controlled, :

. series~-mounted pneumatic cylinders where the length of, the shortest throw (i.e.,

the unit Iength) is AZ = 360° ¢ 2= - , .

32

R 1 , . ]
- In order to select a given sector at any point in time, it is necessary for
-«

a digital controller to know'where'the-angularbreference mark of the disk (¢d=0')

0

is in relation to the magnetic head. One manngr in which this can be accomplishedf

is by providing eoui—spacedvoptical or magnetic markers on the circumference of

the turritable which correspond to the sector boundaries; a special‘'mark is used to

-

*
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denote'the angular. reference point_of the turntable (¢ = 0°).° A detector which

is positioned along the f1xed rad1al path of theymagnetlc head, senses the turn-
\ X

table markers and correspondingly triggers a dlgntal counter‘ the counter is

cleared whenever the turntable reference p051tlon\1s sensed Consequently, the

. \ -
counter indicates-the angular position of. the turhtable'to ‘within one sector. . _ ...
1 - . ) . ‘\ . s -
For simplicity, assume that the angular reference @oints of the disk and the turn-
7 : . ! A

~ table coincide yhen the axial shaft is in maximum Yup” or positive Z position, .

see Figure 12(a4). In order to position a desired é@ctor, T, at the magnetic head

-

' B » . s N )
when the counter indicates that sector q is presentdy in that position, the ad-

dress, q, of/ the current sector is subtracted from th@ address; r, of the de-

¢
o ' -\

" sired sectqr, and the difference r- q spec1fles the amount of angular rotatidn -

, W

that iS'rdouired An example where,r = l4 and q 3 is illustrdted in Figures

©

lZ(al and’12(b), This example assumes an 1nstantaneous change in angular posi-

r y ]

tion; in actual practlce the digital controller much be designed to correct for

fa

cond1tlons where the f1n1te angular selection tlme would case an erroneous

sector to be selected. o ’ - ' S

i

Fipure 13 is a photograph of the prototype random access audlo system prem

s

sently being testedlon the PLATO systemu_ Messages are recorded on 64 radial tracks
with each track bewng d1v1ded into 16 equal sectors. The 12 inch, rim—driyen;

turntable' Wthh moVes at an angular veloc:ty of 1 revolutlon per, 8 seconds pro-

1
Y

vides for 512 seconds (8 1/2 m1nutes) of recorded audio per dlSk at an average

effect1ve tape speed of 4 1/2 inches per second (1 €., the average track length

“is approximately 36 mnches). A su1table dual track magnetlc head can also be

used, in order to provide 128 tracks of recorded mater1al for a total of 17
. & :

-minutes'of recorded message time. In order "to avoid unnecessary wear, the

-




-

srmagnetic head is brought into contact with recording material only after the
required positioning motion is completed; at the end of a message sequence
the head is lifted, from the material Radial access'to a particular track is

obtained with*the radial poSitioning arm shown in Figure 14, A set of'six series—

" — o e e e e

mounted pneumatic cylinders of unit length 0. OSS inches is controlled by a cor-

o '~responding set;of 6 valves which are driven by the digital controller. Access to ‘
_ , . , : 4

¥ oa particular sector is obtained with a helically grooved, axial shaft that is

-translated by‘a.set_of four series mounted,cylinders;' The angular position of,
the turntable is sensed by a photodiode which observes optical markers along the

v%' circumference of the turntable. The;sliding-magnetic head unit is raised and

lowered with respeoB to the recording material by means of a solenOid which is

<

Velectrically activated by the controller

In'order to perform.a meSsagé/retrieval the digital controller receives

A

/
14 bits of informatlon from a cdmputer, 6 b1ts to speCify the track 4 bits to

-spec1fy the sector and 4 bits to speCify the message length in units of sectors. B

. “to operate~the prototype audio deVice. The prototype audio system shown in
Figure 13 is currently undergoing evaluation on the PLATO 111 system. Theﬁunit
operates from a 15 psi clean air source. When operating at'an‘averageﬂrate of

one_random audio selection every 2 seconds; the unit.consumes air at the rate of

3

.05 ft. per minute at 15 psi. The worst-case mechanicdl access time of the unit
o, . ¥ . . ) )

. is 0.3 seconds; however in -this model additional access time is added via the

-~

Figure 15 shows a block diagram of the digital controller which is presently used -

software in order to compensate for the effects of the finiteqﬁngular selection

time. The recording”disks are cut from standard mylar base, magnetic recording “
S v material-which is available in bulk form. Mounting the recording disks on the

A - “ R .
E LR oA A N : - AN
& .

bie . . . L _ : L g SR




.

turntable is equivalent in‘diffiéhlty to -placing a 33v1/3 phonograph record

*

on a standard turhtable. The wear.characteristicshof the recording material

used in this device appear .to be no more serious than those experienced in

standard magnetic tape recording equipment.

A FuiText provided by Eric : ) - )

ORIy .
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V. Sﬁmmary ‘

: : The rgquireménts of the PLATO IV student terminal have led to the develop-
ment of an improved, digitally addressable, random access image selector and a

digitally.addressable random access audio device. The technological feasibility

1

of these devices has been shown at the University of Illinois via prototype units

€

® which meet the PLATO. IV operating specifications; however,.specific confirmation
of the low, unit ccst goals awaits further experience with pilot production

models. The mechanical characteristics of both the image selector and the audio

t [y

device described in this paper however, do appear to lend themselves to medium
pfecision, low cost production techniques. In addition, the innovations which .

.led to the realization of these particular devices may also be applicable to
many other systems applications which involve computer controlled mechanical re-

Sy . . . -

trieval or positioning tasks.
' . - ®

e
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